Hadal trench bottom (>6,000 m below sea level) sediments harbor higher microbial cell abundance 33 compared to adjacent abyssal plain sediments. This is supported by the accumulation of sedimentary organic 34 matter (OM), facilitated by trench topography. However, the distribution of benthic microbes in different 35 trench systems has not been explored yet. Here, we carried out small subunit ribosomal RNA gene tag 36 sequencing for 92 sediment subsamples of seven abyssal and seven hadal sediment cores collected from three 37 trench regions in the northwest Pacific Ocean: the Japan, and Mariana Trenches. 38 Tag-sequencing analyses showed specific distribution patterns of several phyla associated with oxygen and 39 nitrate. The community structure was distinct between abyssal and hadal sediments, following geographic 40 locations and factors represented by sediment depth. Co-occurrence network revealed six potential prokaryotic 41 consortiums that covaried across regions. Our results further support that the endogenous OM cycle is driven 42 by hadal currents and/or rapid burial shapes microbial community structures at trench bottom sites, in addition 43 to vertical deposition from the surface ocean. Our trans-trench analysis highlights intra-and inter-trench 44 distributions of microbial assemblages and geochemistry in surface seafloor sediments, providing novel 45 insights into ultra-deep-sea microbial ecology, one of the last frontiers on our planet. 46
Introduction 5 concentrations (NO3 -, NO2 -, PO4, and NH4 + ) were analyzed spectrophotometrically using an automated 117 continuous-flow QuAAtro 2-HR analyzer (BL TEC, Osaka, Japan) in an onshore laboratory [24] . 118 Total organic carbon (TOC), total nitrogen (TN), and their C and N isotopic compositions were 119 measured by flash combustion with an elemental analyzer Flash EA 1112 series coupled via ConfloIV to an 120 isotope ratio mass spectrometer DELTAplus Advantage (Thermo Fisher Scientific, Waltham, MA, USA) for 121 KR15-01 sediment samples or DELTA V Advantage (Thermo Fisher Scientific) for the other sediment 122 samples. Before measuring, the sediment samples were freeze-dried and acidified with 1 M HCl to remove 123 inorganic carbon. The decalcified sediments were then dried, weighed, and put into pre-cleaned tin cups for 124 flash combustion. The stable isotope ratios are reported as δ values, in which δ=(R sam /R std -1)×1,000, with R 125 being the isotope ratios (either 13 C/ 12 C or 15 N/ 14 N) in the sample and standard, respectively. The carbon isotope 126 ratio of total organic carbon was referenced against Vienna Pee Dee Belemnite (VPDB). The nitrogen isotope 127 ratios of total nitrogen were referenced against atmospheric N2. The analytical precision achieved through 128 repeated analyses of in-house standards was typically better than 0.2‰ for both δ 13 C and δ 15 N. 129 130
Cell counting 131
For determining total cell abundance in sediments collected during KR14-01 cruises, microbial cells were fixed with sterile 0.2-µm-pre-filtered formaldehyde solution onboard 133 and stored at -80˚C until subsequent processes onshore as follows. The samples were centrifuged, washed 134 with 4.5 mL PBS buffer and re-suspended in a PBS and 100% ethanol (1:1) mixture. After sonication using a 135
Branson Sonifier 220 (Danbury, CT, USA), samples were diluted, filtered onto 0.2-μm polycarbonate filters, 136 and stained using SYBR Green I. Excess stain was removed three times using 3 mL Milli-Q water, then filters 137 were mounted onto microscope slides and cells were counted under blue light by epifluorescence microscopy 138 Axioskop 2MOT (Carl Zeiss, Jena, Germany) at 1,000 × magnification. For sediments collected from the 139 KR15-01 cruise, frozen samples were suspended in 5 mL PBS containing 4% formaldehyde and incubated at 140 4˚C for 1-2 h. Samples were then centrifuged, repeatedly washed with PBS, re-suspended in 5 mL PBS and 141 100% ethanol (1:1) mixture, and stored at -20 ˚C. Fixed samples were diluted with PBS and sonicated for 20 s 142 with an ultrasonic homogenizer UH-50 (SMT, Tokyo, Japan). Cells in the aliquant were stained directly using 143 SYBR Green I and counted with an Olympus BX51 fluorescence microscope (Olympus, Tokyo, Japan) at 144 1,500 × magnification. For each filter, at least 400 cells were counted in at least 20 randomly chosen fields. Approximately 5 mL of frozen subsampled sediments from certain cores sections were used for 148 DNA extraction. Environmental DNA was extracted using PowerSoil DNA Isolation Kit (Qiagen) with a 149 minor modification to increase DNA yield: cells were shaken for 10 min after incubation at 65°C twice. 150
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The abundance of prokaryotic and archaeal SSU rRNA genes was enumerated by qPCR analyses. 151
Primer and probe sequences and PCR conditions are summarized in Table S2 A network structure of OTU co-occurrence was visualized using naive statistical metrics with strict 184 cut-off values to consider a valid co-occurrence event. We used OTUs that represent >0.1% of the total 7 sequencing pool, and pairwise correlations with >0.8 Spearman's correlation coefficient (ρ) with Q-values 186 <0.01 after Bonferroni correction; networks involved in more than two OTUs were analyzed. 187 SSU rRNA gene sequences of Thaumarchaeota were retrieved from the SILVA database [36] and 188 systematically reduced in family level via similarity-based clustering with 90% identity using VSEARCH [32] . 189 A maximum-likelihood (ML) tree was constructed using FastTree2 [37] with GTR+CAT option. Phylogenetic 190 clades of Thaumarchaeota were affiliated following past studies [38, 39]. 191 192 
Data deposition 193
Amplicon sequence data were deposited into the DDBJ Sequence Read Archive (SRA) under 194 DRA008185 and DRA008316 (Table S1 ). All data were registered under BioProject ID PSUB010125. 195 196 197 
Results and discussions 198

Organic geochemistry 199
Total organic carbon (TOC) and total nitrogen (TN) in the studied sediments ranged from 0.10 to 3.28 200 and 0.02 to 0.42 wt%, respectively ( Fig. S1 and S2 ). Among the trench bottom sites, the highest TOC and TN 201 values were detected in the Japan Trench sites (1.63-3.28 and 0.22-0.42 wt%, respectively) and the lowest 202 were observed in the Mariana Trench sites (0.16-0.59 and 0.02-0.08 wt%, respectively), which differed by an 203 order of magnitude. TOC and TN in the abyssal sediments slightly decreased with sediment depth, while those 204 in the hadal sediments presented variable but decreasing trends. The C/N ratio was concordant with past 205 observations that concentrations of protein, carbohydrate, and lipid were generally higher in the 2.4-8.2‰ at the Japan and Izu-Ogasawara Trenches, respectively), whereas nutrient-poor conditions cause 210 higher values (8.9-11.7‰ at the Mariana Trench). Thus, the sedimental OM concentrations and traits likely 211 reflect the different geographical settings and productivity of the investigated station. It is generally expected 212 that the organic carbon deposition and subsequent diagenetic process reflects the surface productivity of the 213 overlying ocean. The Japan Trench (station JC) is located under the relatively eutrophic north-western Pacific 214 Ocean, where nutrient-rich Oyashio currents encounter warm Kuroshio currents; additionally, the 215 close-distance to Honshu island, Japan, may contribute terrestrial OM to the seafloor [41, 42] . In contrast, the 216 other stations are located under the oligotrophic Pacific Ocean, far from continents or large islands. In 217 particular, the Mariana Trench region is located near a subtropical gyre known to have one of the lowest 218 8 surface ocean productivities [43] . Even if definitive conclusions could not be made from the available data, 219 the differences in C/N ratios of each site could reflect differences in OM sources as well as stable isotopic 220
signatures. 221 222
Pore-water chemistry 223 We measured concentrations of dissolved oxygen (O2) and pore water nutrients (NO3 -, NO2 -, NH4 + , 224 and PO4) in the obtained cores ( Fig. 2 and S3 ) to study microbial decomposition of sedimentary OM using 225 oxygen and/or nitrate as electron acceptors [44] . O2 concentrations decreased rapidly with increasing sediment 226 depth in most sediment cores and depleted above 30 cm below seafloor (cmbsf), whilst those of abyssal cores 227 collected from the Mariana Trench showed moderate decreases. In all hadal cores, NO3concentrations 228 drastically decreased with sediment depth to less than 5 μM above 30 cmbsf with a concomitant increase in 229 NH4 + concentrations, especially at the Japan and Izu-Ogasawara Trenches. In contrast, no apparent depletion of 230 NO3 -(>27 μM) and lower NH4 + concentrations (<11 μM) were observed throughout the sediment depths in all 231 abyssal stations from the Izu-Ogasawara and Mariana Trench regions, which also exhibited low TOC 232 concentrations. Notably, NO3profiles showed large variations among hadal sediments compared to abyssal 233 sediments. Among the NO2profiles, clear subsurface peaks up to 6.6 μM were found in only three sediment 234 cores (3, 7, and 7 cmbsf of cores from JC, IO1-1 and IO1-2, respectively). PO4 concentrations generally 235 increased with sediment depth, except for stations IO1-1 and IO1-2. These profiles of dissolved oxygen and 236 nitrogen compounds are concordant with previous studies [4, 45] . The profiles suggested that microbial nitrate 237 respiration was relatively modest in abyssal sediments down to 50 cmbsf, whereas the respiration was active in 238 hadal sediments above 30 cmbsf, probably reflecting higher concentrations of fresh OM. Interestingly, the 239 increase rate of NH4 + in hadal sediments along with sediment depth were different between northern and 240 southern stations, suggestive of variance among stations in microbial populations and functions involved in 241 nitrogen cycles. 242 243
Microbial abundances 244
The direct cell counting and qPCR technique showed similar trends in microbial abundance ( Fig. 3  245 and S4). Cell abundances by cell counting ranged from 4.2×10 5 to 9.6×10 7 cells/mL sediment, with a general 246 decrease with sediment depth, while scattered profiles were found in the trench bottom sites of the Japan and 247
Izu-Ogasawara Trenches ( Fig. 3a and S4a). Cell abundances in the hadal stations were generally higher than 248 those in the adjacent abyssal stations. When comparing maximum cell abundances between cores, the largest 249 and smallest cell abundances in hadal sites were found in the Japan and Mariana Trenches, respectively; for 250 abyssal sites, abundance at the Izu-Ogasawara Trench was larger than that of the Mariana Trench. For qPCR 251 analysis, the maximum and minimum copy numbers of prokaryotic and archaeal SSU rRNA gene in each 252 station ranged from 3.4×10 5 to 3.0×10 9 and 9.9×10 4 to 5.7×10 8 copies/mL sediment, respectively ( Fig. 3b and 253 9 S4b). Additionally, in the Mariana Trench region only, copy numbers from the shallow abyssal sediments were 254 higher than those from the hadal sediments. The SSU rRNA gene copy numbers were 2-197 fold higher than 255 the cell abundances by direct counting method, likely resulting from biases of primers, probes, extracellular 256 DNA, and/or SSU rRNA gene copy numbers on prokaryotic genomes [46, 47] . However, cell abundance and 257 SSU rRNA gene copy number was significantly correlated (Fig. S5) . Interestingly, ratio of archaea rapidly 258 depressed at approximately under 20 cmbsf of the hadal cores, while higher values were observed through the 259 vertical profile in abyssal cores ( Fig. 3c and S4c). Overall, these trends were consistent with previous studies 260 [4, 48, 49] , supporting more vigorous microbial activity in trench bottom hadal sediments, especially in the 261 subsurface under 5 cmbsf. 262
263
OTU-level compositions of microbial communities in sediment samples 264
Based on the geochemical profiles in sediments, especially dissolved oxygen and nitrate 265 concentrations, we selected four to ten layers from each sediment core for SSU rRNA gene tag sequencing. A 266 total of 8,286,508 high-quality SSU rRNA gene sequences with 414 bp average length were obtained from the 267 92 sediment subsamples. The sequences comprised of 80,478 OTUs with 1,587-13,181 (5,478 average) OTUs 268 per sample (Table S1 ). Based on rarefaction curves, the obtained OTUs in each sediment sample 269 well-represented their microbial communities (Fig. S6) . 270 To investigate compositional similarity between samples, we performed OTU-based NMDS analysis. 271
The OTU compositions were significantly structured along the stations (A = 0.31, p<0.001, MRPP) ( Fig. 4a ) 272 and differed between the abyssal and hadal sediments ( Fig. 4b ). Significant associations were also observed 273 with each of the three trenches, especially among the hadal cores (A = 0.21, p< 0.001, MRPP). Unexpectedly, 274 the compositions in abyssal sediment from the Izu-Ogasawara and Mariana Trench regions overlapped. The 275 separation among the abyssal sediments from the Izu-Ogasawara and Mariana Trench regions correlated with 276 the different depression trends in porewater nitrate, TOC, and TN concentrations, but not with porewater 277 oxygen concentration and cell abundance ( Fig. 2, 3 , and 4c). OTUs were generally shared along with sediment 278 cores at each station ( Fig. 4d) . 279 Vertical profiles of community diversity in the hadal sediment cores were distinct from those of the 280 abyssal sediment cores (Fig. S7 ). The Shannon index values of all abyssal sediment cores gradually decreased 281 with sediment depth, while those in hadal samples fluctuated. Overall, the values in the upper most layers at 282 the abyssal stations were higher than those at the hadal stations. In hadal sediment cores, index values were 283 depressed at approximately 5-20 cmbsf and retained or increased below these layers. In all hadal cores from 284 the Izu-Ogasawara Trench, clear peaks were found at 8-25 cmbsf and the values were higher than those of the 285 most surface layers. Conversely, in cores from the Mariana Trench, we observed slightly increasing tendencies 286 in deep sediment sections, indicating that peaks were possibly located in layers deeper than 50 cmbsf. The 287 diversity-depression was observed close to layers where depletion of oxygen and nitrate occurred (Fig. 2) . 288 10 These trends were concordant with the scattered microbial cell abundances observed in most of the hadal 289 sediments in contrast to the abyssal sediments ( Fig. 3) , but opposed to the general trends that prokaryotic 290 growth and bioactivity are restricted according to sediment depth in energy-limited subseafloor sediments [42, 291 50, 51] , which should be an unique feature of hadal subsurface biosphere. In the cases of gut and freshwater 292 environments, correlation of the supply of fresh nutrient resources and microbial biomass and diversity has 293 been discussed [52, 53] ; thus, the feature of the hadal subsurface biosphere could be explained by the 294 deposition of relatively fresh organic compounds with high sedimentation rate in the hadal seafloor. 295 296
Taxonomic composition of microbial communities in sediment samples 297
Among the retrieved OTUs, 76,881 (99.7%) were taxonomically assigned to eleven and two phyla in 298 Bacteria and Archaea, respectively. Only 153 OTUs were assigned to Eukarya and the remaining 243 OTUs 299 were taxonomically unassigned. The top three and ten most abundant phyla accounted for >58% and >88%, 300 respectively, of the sequence pool of all sediment samples. 301
Proteobacteria (average 23.8%) was the most abundant phylum, followed by Thaumarchaeota 302 (23.7%), Planctomycetes (10.6%), and Chloroflexi (9.6%) ( Fig. 5) . Within sequencing reads assigned to 303 Nanoarchaeaeota, 99.6% were assigned to class Woesearchaeia, currently proposed as novel phylum 304 Candidatus (Ca.) Woesearchaeota. Thus, we assigned Nanoarchaeaeota as Woesearchaeota in this study. 305
Within Proteobacteria, Gammaproteobacteria (10.3%) is the most abundant class, followed by 306 Alphaproteobacteria (8.4%) and Deltaproteobacteria (5.1%) (Fig. S8) . In general, the dominant phyla were 307 similar to those of previous studies of abyssal and hadal sediments [20, 21, 48, [54] [55] [56] . 308
Although dominant phyla were shared among subsamples within each of the sediment cores, their 309 relative abundance gradually changed with sediment depth (Fig. 5) . The relative abundances of Chloroflexi, 310 Woesearchaeota, and Ca. Marinimicrobia generally increased in deeper sections along with the gradual 311 decreases in oxygen and nitrate concentrations (Fig. 2) . Conversely, Proteobacteria and Thaumarchaeota 312 dominated in shallower sections. These trends are similar to previous studies [20, 21, 48, [54] [55] [56] .and likely 313 depend on the concentrations of dissolved oxygen and nitrate in sediments. Woesearchaeota has been detected 314 from diverse benthic and anaerobic environments [57-61] and harbors genomic capability for 315 fermentation-based metabolism [62]; hence, they may contribute to anaerobic carbon and hydrogen cycles in 316 the deep seafloor sediments. 317 We also observed some notable differences in prokaryotic communities likely associated with 318 geographical location. Distinct community compositions were observed in station JC; Bacteroidetes 319 predominated the communities (average 33.7%), while Thaumarchaeota was relatively scarce (4.1%). Within 320 the Bacteroidetes, Flavobacteriaceae (belonging to class Flavobacteriia) is the most abundant family. Because 321 members of Flavobacteriia were reported to be abundant in eutrophic oceans [63], our results likely reflect 322 eutrophic productivity in the Japan Trench. The predominance of phyla Ca. Atribacteria was found only in 323 11 deeper sections of IO1-1, IO1-2, and IOC-1 hadal stations at the Izu-Ogasawara Trench. Atribacteria is a 324 common lineage in organic rich anaerobic sediments and probably grow with fermentation [64-66]. The 325 higher abundances of Flavobacteriia and Atribacteria may represent a substantial deposition of degradable 326 organic compounds into hadal sediments. 327
The substantial differences revealed in the taxonomic analysis may also be explained by the 328 geomorphological variations among sampling stations. Marinimicrobia showed significant unevenness 329 between cores, with higher abundances observed in hadal (2.6%) verses abyssal sediments (0.73%) (p<0. 05, 330 U-test, Bonferroni correction). Marinimicrobia is known to be a dominant population in deep sea sediments 331 and seawater, especially in oxygen-minimum zones, and harbors genetic potential of diverse energy metabolic 332 processes using sulfur and nitrogenous compounds as electron donor and acceptor [67] [68] [69] [70] [71] . In contrast, Ca. 333 Schekmanbacteria was detected in all abyssal samples (average 0.82%), while there was significantly lower 334 abundance (0.007%) in hadal samples (p<0.05, U-test, Bonferroni correction). Since these phyla were recently 335 proposed [72], their biological and geochemical importance remains unclear. 336
The relative abundance of Thaumarchaeota showed drastic decrease in hadal stations above 6-15 and 337 20-30 cmbsf in core(s) from the Izu-Ogasawara (IO1-1, IO1-2, IOC-1, and IOC-2) and Mariana (MC-2) 338
Trenches, respectively, where nitrate was consumed and ammonium emerged (Fig. 2) . In contrast, low 339 abundance of Thaumarchaeota was continuously observed in sediments from the Japan Trench (JC), where 340 nitrate concentration was depleted through the sediment core (Fig. 2) . This was concordant with qPCR analyses 341 (Fig. 3c) , as well as previous observations that Thaumarchaeota frequently dominated in aerobic sediment 342 columns and radially decreased across the oxic-anoxic transition layer [55, 73] . The most predominant family 343 of Thaumarchaeota in the sediments was Nitrosopumilaceae (92%), which are known to be ammonia 344 oxidizing archaea (AOA) [74] [75] [76] , and thus may contribute markedly to nitrification processes in trench 345 surface sediments. The co-existence of Thaumarchaeota and Marinimicrobia at relatively high abundance 346
suggests the co-existence of nitrification and denitrification processes, respectively, as described previously 347 [48, 77] . Although abundance of functional genes related with nitrification (e.g., amoA) was not analyzed in 348 this study, we should note that abundance of the amoA gene decreased with sediment depth in trench bottom 349 sediments from the Mariana and Izu-Ogasawara Trenches [48, 77] . 350 351
Co-occurrence network structure of OTUs 352
Many prokaryotic lineages are known to establish consortiums with specific prokaryotic members, 353 sharing similar ecological niches and biological interactions (e.g., sharing metabolic compounds via fixation 354 and translocating process) [78] . Since co-occurrence patterns can be useful for revealing such concrete but 355 mostly hidden relationships from complex community datasets, co-occurrence network analyses have been 356 widely applied to various SSU rRNA tag sequencing datasets of marine and other environments [79] [80] [81] [82] . Here, 357 we conducted co-occurrence analysis to understand core metabolic interactions among microbes in trench 12 subseafloor sediments. 359
The co-occurrence network showed six clusters composed of 3-36 OTUs and 2-247 edges, and a 360 total of 66 OTUs represented average 23.6% in each sample (Fig. 6) . Interestingly, most prokaryotic alliances 361 were likely related to oceanographic zonation (i.e., abyssal and hadal) and sediment depth (Fig. 7) . OTUs 362 belonging to the largest group A (composed of two subgroups A-1 and A-2) were abundantly detected in the 363 abyssal sediments through the Izu-Ogasawara and Mariana trenches, whilst abundance OTUs in other groups 364 were higher in hadal sediments: under 10 cmbsf for group B, in shallow sections (0-30 cmbsf) for group C, and 365 above 6 cmbsf for group D. The members of groups E and F were detected from both abyssal and hadal 366 sediments cores. Although OTUs of group C and F were spread among the three trenches, those of group B, D, 367 and E were rare in cores from the Japan Trench. 368
Groups A and D were dominated by OTUs assigned to order Nitrosopumilales (Fig. S9) . 369
Nitrosopumilales are considered as aerobic nitrifying [74] [75] [76] , and abundance of these OTUs were concordant 370 with the high oxygen and nitrate concentrations in the sediments (Fig. 2) [DQ085097]) while those of group A were spread throughout the order. The niche separation of AOA 373 subgroups is regulated by the availability of electron donors like ammonia [19, 83, 84] . Supporting this, the 374 dominance of the group D clade (up to 78.1% in Thaumarchaeota in the hadal samples) is consistent with the 375 enrichment of labile OM in the hadal sediment habitats. Unfortunately, further subgroup assignment of 376 Thaumarchaeota OTUs using short 16S rRNA gene tag sequences were not technically feasible in contrast to 377 the previously described amoA gene [38] . Although most proteobacterial OTUs in group A were assigned to 378 lineages that currently less well-understood, two OTUs were assigned to genus Woeseia in Chromatiales; this 379 genus likely possesses denitrification pathway-related genes [85] , and may consume nitrates that provided by 380 nitrifiers including Thaumarchaeota. 381 Intriguingly, group B consisted of 13 OTUs belonging to five phyla (Planctomycetes, Atribacteria, 382 Chloroflexi, Bacteroidetes, and Ca. Aerophobetes), and OTUs were abundant in the deeper sections where 383 oxygen and nitrate were depleted (Fig. 2) . All 13 OTUs showed highest sequence similarities with uncultured 384 lineages, most of which were found in anaerobic environments with low oxygen concentrations. Atribacteria 385 partake in fermentation metabolisms that produce acetate, hydrogen and carbon dioxide [64] [65] [66] . Similar to 386 Atribacteria, recently defined bacterial phylum Aerophobetes were reported to harbor saccharolytic and 387 fermentative metabolism capabilities [86] . All Planctomycetes OTUs were assigned to order MSBL9. 388
Metagenome sequencing analyses identified genes encoding pyruvate formate-lyase from a member of 389 MSBL9 [87], indicative of fermentation capabilities. All three Chloroflexi OTUs were assigned to class 390 Dehalococcoidia, which is frequently detected from seafloor sediments and possesses genes related to 391 hydrogen and sulfur compound oxidation with reductive dehalogenation of halogenated organic compounds 392 [88] [89] [90] . Notably, MSBL9 and Dehalococcoidia possess potential of flavin secretion in marine sediments [91], 393 implying that these lineages also contribute to maintaining extracellular metabolite pools in hadal sediments. 394
13
The single Bacteroidetes OTU was affiliated with class BD2-2, which may interact with methanotrophic 395 archaea and sulfate-reducing bacteria in methane seep sediments [92] . While knowledge of group B OTUs is 396 still limited, they may cooperatively establish anaerobic metabolic networks; e.g. products of fermentation by 397 Atribacteria, Aerophobetes, and MSBL9 are used as electron donors by 398 and then the fresh labile OM will be used as energy resources again in hadal sediments following necromass 399 turnover recycling, as discussed previously [93] . 400
Overall, the network structure analyses highlighted associations between prokaryotic consortiums 401 and geochemical conditions (geomorphological zonation and sediment depth), with these consortiums likely 402
representing potential metabolic interactions with habitat transition. In addition, the consortium structures 403 were widespread among the trenches in the northwest Pacific Ocean. While three groups (B, C, and D) were 404 selectively abundant in the hadal sediments, only one group (A) showed high preference in the abyssal 405 sediments (Fig. 7) . 406 407
Factors impacting hadal subseafloor ecosystem 408
Here, we conducted culture-independent molecular analyses of trans-trench prokaryotic 409 communities in the abyssal and hadal sediments collected from three different trench systems under different 410 oceanographical settings to understand the general role of hadal environments on subsurface geochemical 411 cycles and microbial ecosystems. Microbial cell abundance showed greater biomass in the hadal sediments 412 verses abyssal sediments especially in deeper layers, which is consistent with previous studies [4, 48, 49] . 413
Overall, the microbial composition suggested that development of prokaryotic communities depends on ocean 414 geomorphological zonation (i.e., abyssal vs. hadal), geographic regionality (i.e., productivity of overlying 415 ocean-surface), and factors associated with sediment depth. We also observed higher diversity of microbial 416 communities among hadal trench sediments than abyssal plains and identified potential prokaryotic 417 consortiums that spread their inter-trenches habitats and likely shared energy-retrieving metabolic processes 418 in both abyssal and hadal sediments. 419
In general, deposition of OM and subsurface microbial cell abundance is related to productivity of 420 the surface ocean and distance from continents or islands [42] . Indeed, in our abyssal sites, greater microbial 421 cell abundance and oxygen consumption were observed in the Izu-Ogasawara compared to Mariana trench 422 regions (Fig. 2 and 3) . However, microbial compositions and some geochemical parameters (nitrate, TOC, and 423 TN) were unexpectedly similar between these two regions, indicating that the impact of surface productivity 424 on subsurface microbial community is much smaller than expected in the abyssal plains under oligotrophic to 425 ultra-oligotrophic oceans. In the hadal sites, we found variations in geochemical parameters, cell abundances, 426 and microbial compositions along with surface productivities. The differences between the abyssal and hadal 427 sediments cannot only be explained by the vertical flux of sinking organic particles influenced by the ocean 428 surface productivity. To explain the variations, we have two hypotheses: presence of intrinsic OM supplies on 429 14 hadal sites apart from those sinking from the ocean surface, and impact of surface productivity on subsurface 430 microbial community appears profoundly in hadal and modestly in abyssal sediments because of very high 431 and low sedimentation rates, respectively. 432
Lateral transport along the trenches is one of the possible sources of OM in trench bottom sediments 433 apart from sinking OM. There are north-and south-ward currents along the trench axis at the Izu-Ogasawara 434 and Japan Trenches, respectively [94, 95] . These currents may contribute to transportation of suspended 435 particles with relatively high OM contents from the north to south. A part of the latitudinal gradients in TOC 436 values among hadal sites (Fig. S1 ) could be explained either by this lateral OM supply, or benthic microbial 437 populations that prefer subsurface ecosystems under eutrophic oceans represented by Atribacteria (Fig. 5) . 438
However, we could not find clear geochemical signatures supporting OM delivery along the trenches. 439 OM degradation process at the surface sediments may differ between hadal and abyssal sites due to 440 differences in sedimentation rates, which are very high at hadal while low at abyssal sites. Extremely high 441 sedimentation rates at trench bottoms cause the rapid deposition of OM into the subsurface [9, 49] . This burial 442 prevents oxidative degradation of OM at surface sediments, allowing semi-labile OM to be available to 443 subsurface microbes. In contrast, abyssal plains generally have slower sedimentation rates. In our studied 444
Izu-Ogasawara Trench sites, estimated sedimentation rates were 25 and 2.9 cm per 1,000 years at the hadal 445 (IOC-2) and abyssal (IOA) stations, respectively, based on bulk 14 C-age analysis (Nomaki et al., unpublished 446 data). The slower sedimentation rates at abyssal sites have allowed continuous oxic degradation of OM at 447 surface sediments for over 1,000s years, and labile OM are likely more diminished than those at hadal sites. 448
Consequently, the differences in TOC concentrations (0.11-0.55%) were small across the abyssal plains in our 449 sites, while those at the hadal trenches varied substantially (0.16-3.28%) (Fig. S1 ). The variations in TOC 450 concentration among the hadal trench sediments subsequently influenced the dissolved oxygen and nitrate 451 profiles through sediment depths (Fig. 2) . Higher diversity of microbial communities among hadal trench 452 sediments than abyssal plains (Fig. 4c ) may reflect variations in TOC and porewater chemistries. Moreover, 453 the differences in labile OM deposition may be reflected in the microbial cell abundance in the abyssal 454 stations (Fig. 3) instead of microbial community structures. 455
Our findings provide new perspectives into hadal biospheres under different oceanographic regions, 456 displaying contrasting properties to abyssal biospheres. We also identified novel insights into abyssal 457 geochemistry and microbial communities whereby variations in surface productivity at abyssal sites are not 458 profound in oligotrophic to ultraoligotrophic areas because the OM buried into subsurface sediments are 459 extensively degraded before burial. However, we could not specify the factors controlling microbial 
